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Name  of  Dam: 

State  Located: 
County  Located: 
Stream: 

Date  of  Inspection: 


Lembeck  Lake  Dam, 

Missouri  Inventory  No. 

Missouri 

Jefferson 

Whitehead  Creek 

March  5,  1981 


30369 


Assessment  of  General  Condition 


Lembeck  Lake  Dam  was  inspected  by  the  engineering  firms  of  PRC 
Consoer  Townsend,  Inc.  of  St.  Louis,  Missouri,  and  PRC  Engineering 
Consultants,  Inc.  of  Englewood,  Colorado,  (A  Joint  Venture)  in  accordance 
with  the  0.  S.  Army  Corps  of  Engineers  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams"  and  additional  guidelines  furnished  by  the  St.  Louis 
District  of  the  Corps  of  Engineers.  Based  upon  the  criteria  In  the 
guidelines,  the  dam  is  in  the  high  hazard  potential  classification,  which 
means  that  loss  of  life  and  appreciable  property  loss  could  occur  in  the 
event  of  failure  of  the  dam.  Located  within  the  estimated  damage  zone  of 
less  than  three  miles  downstream  of  the  dam  are  24  dwellings,  four 
buildings,  one  railroad  embankment,  one  state  highway  (Highway  110)  and 
one  railroad  terminal,  which  may  be  subjected  to  flooding,  with  possible 
damage  and/or  destruction,  and  possible  loss  of  life.  Lembeck  Lake  Dam 
is  in  the  small  size  classification  since  it  is  26.4  feet  high  and  has  a 
maximum  reservoir  impoundment  of  208  acre-feet. 


J 


The  inspection  and  evaulatlon  indicates  that  the  spillway  of 
Lembeck  Lake  Dam  does  not  meet  the  criteria  set  forth  in  the  guidelines 
for  a  dam  having  the  above  size  and  hazard  potential*  Lembeck  Lake  Darn 
being  a  small  size  dam  with  a  high  hazard  potential  is  required  by  the 
guidelines  to  pass  from  one-half  of  the  Probable  Maximum  Flood  to  the 
Probable  Maximum  Flood  without  overtopping  the  dam*  Considering  the 
possibility  of  loss  of  life  and  the  destruction  of  property  downstream  of 
the  dam,  the  PMF  is  considered  the  appropriate  spillway  design  flood  for 
Lembeck  Lake  Dam*  The  Probable  Maximum  Flood  is  defined  as  the  flood 
discharge  that  may  be  expected  from  the  most  severe  combination  of 
critical  meteorological  and  hydrologic  conditions  that  are  reasonably 
possible  in  the  region.  It  was  determined  that  the  reservoir /spillway 
system  can  accommodate  approximately  13  percent  of  the  Probable  Maximum 
Flood  without  overtopping  the  dam*  The  evaluation  also  Indicates  that 
the  reservoir /spillway  system  can  accommodate  the  ten-percent  chance- 
flood  (10-year  flood)  without  overtopping  the  dam,  but  cannot  accommodate 
the  one-percent  chance  flood  (100-year  flood)  without  overtopping  the 
dam. 

The  overall  condition  of  the  dam  and  appurtenant  structures 
appears  to  be  poor,  due  to  several  deficiencies  noted  by  the  inspection 
team.  The  deficiencies  included:  the  failure  of  the  downstream  apron  of 
the  spillway  weir;  the  erosion  in  the  spillway  discharge  channel;  the 
instability  of  the  low-level  outlet  gate  stem  support  pedestals;  the 
erosion  of  the  downstream  embankment  toe  caused  by  the  low-level  outlet 
discharge  and  the  undermining  of  the  headwall  of  the  sluice  gate;  the 
obstruction  of  the  low-level  outlet  discharge  channel;  the  erosion  of  the 
upstream  slope  due  to  wave  action  and  along  the  right  abutment/embankment 
contact;  the  large  vegetation  ranging  from  brush  to  large  trees  observed 
on  the  upstream  and  downstream  slopes;  the  driftwood  and  debris  on  the 
upstream  slope;  a  need  for  periodical  maintenance  of  the  grass  cover  on 
the  embankment  slopes  and  a  lack  of  a  maintenance  schedule;  and  there 
also  exists  a  need  for  periodic  inspections  by  a  qualified  engineer*  The 
lack  of  seepage  and  stability  analyses  on  record  is  also  a  deficiency 
chat  should  be  corrected* 


Ic  Is  recommended  that  the  owner  take  action  to  correct  or 


control  the  deficiencies  described  above* 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


LEMBECK  LAKE  DAM,  Missouri  Inv.  No.  30369 


SECTION  1:  PROJECT  INFORMATION 


General 


a.  Authority 

The  Dam  Inspection  Act,  Public  Law  92-367  of 
August,  1972,  authorizes  the  Secretary  of  the  Army,  through  the 
Corps  of  Engineers,  to  initiate  a  national  program  of  dam  inspec¬ 
tions.  Inspection  for  Lembeck  Lake  Dam  was  carried  out  under 
Contract  DACW  43-81-C-0063  between  the  Department  of  the  Army, 
St.  Louis  District,  Corps  of  Engineers,  and  the  engineering  firms  of 
PRC  Consoer  Townsend,  Inc.  of  St.  Louis,  Missouri,  and  PRC  Qigineer- 
ing  Consultants,  Inc.  of  Englewood,  Colorado,  (A  Joint  Venture). 

b.  Purpose  of  Inspection 

The  visual  inspection  of  Lembeck  Lake  Dam  was  made  on 
March  5,  1981.  The  purpose  of  the  inspection  was  to  make  a  general 
assessment  as  to  the  structural  integrity  and  operational  adequacy 
of  the  dam  embankment  and  its  appurtenant  structures. 

c.  Scope  of  Report 

This  report  summarizes  available  pertinent  data  relating 
to  the  project,  presents  a  summary  of  visual  observations  made 
during  the  field  inspection,  presents  an  assessment  of  hydrologic 
and  hydraulic  conditions  at  the  site  and  of  structural  adequacy  of 


the  various  project  features,  and  assesses  the  general  condition  of 
the  dam  with  respect  to  safety. 

Subsurface  investigations,  laboratory  testing  and  de¬ 
tailed  analyses  were  not  within  the  scope  of  this  study.  No  war¬ 
ranty  as  to  the  absolute  safety  of  the  project  features  Is  implied 
by  the  conclusions  presented  in  this  report. 

It  should  be  noted  that  in  this  report  reference  to  left 
or  right  abutments  is  viewed  as  looking  downstream.  Where  left 
abutment  or  left  side  of  the  dam  is  used  in  this  report,  this  also 
refers  to  the  north  abutment  or  side,  and  right  to  the  south  abut¬ 
ment  or  side. 

d.  Evaluation  Criteria 

The  Inspection  and  evaluation  of  the  dam  is  performed  in 
accordance  with  the  U.S.  Army  Corps  of  Engineers  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  and  additional  guidelines 
furnished  by  the  St.  Louis  District  office  of  the  Corps  of  Engineers 
for  Phase  I  Dam  Inspection. 

1.2  Description  of  the  Project 

a.  Description  of  Dam  and  Appurtenances 

The  following  description  is  based  upon  observations  and 
measurements  made  during  the  visual  inspection  and  conversations 
with  Mr.  John  Lembeck,  the  son  of  the  previous  owner  of  the  dam.  No 
design  or  "as-built"  drawings  for  the  dam  or  appurtenant  structures 
were  available. 

The  dam  is  a  homogeneous,  rolled,  earthflll  structure 
with  a  core  trench  excavated  to  sound  bedrock,  according  to  Mr. 
Lembeck.  The  alignment  of  the  dam  is  straight  between  earth  abut¬ 
ments.  A  plan  and  elevation  of  the  dam  are  shown  on  Plate  4  and 
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Photos  1  through  3  show  views  of  the  dam.  The  top  of  the  dam  has  a 
length  of  590  feet  between  the  right  abutment  and  the  spillway,  and 
an  assumed  minimum  elevation  of  550.0  feet  above  mean  sea  level 
(M.S.L.)  at  a  point  200  feet  from  the  right  abutment.  From  the 
spillway,  the  top  of  dam  was  surveyed  to  be  level  to  a  point  90  feet 
to  the  right.  For  the  next  300  feet  of  the  dam,  to  the  location  of 
the  minimum  top  of  dam  elevation,  the  top  of  dam  slopes  downward 
with  a  drop  in  elevation  of  1.1  feet.  The  top  of  dam,  for  the  last 
200  feet,  sloped  upward  to  the  abutment  contact  with  a  rise  of  1.1 
feet  in  elevation.  The  embankment  has  a  top  width  of  17  feet  and  a 
maximum  structural  height  of  26.4  feet.  The  embankment  slopes  were 
measured  to  be  1  vertical  to  2.5  horizontal  (IV  to  2.5H)  and  IV  to 
3.5H  on  the  downstream  and  the  upstream  faces,  respectively. 

There  is  only  one  spillway  at  this  damsite  which  consists 
of  a  channel  cut  into  the  weathered  bedrock  of  the  left  abutment. 
The  control  section  of  the  spillway  is  a  broad-crested  weir  13  feet 
wide  and  80  feet  long  that  also  serves  as  an  access  road  which 
proceeds  across  the  top  of  the  dam  (see  Photos  5  and  6).  The  weir 
has  a  parabolic  shape  with  the  minimum  crest  elevation  of  544.9  feet 
above  M.S.L. ,  which  is  the  normal  reservoir  elevation.  The  weir  is 
constructed  of  a  three  to  four  inch  thick,  nonreinforced,  concrete 
slab  placed  on  top  of  riprap.  The  sloping  upstream  and  downstream 
aprons  of  the  weir  are  also  paved  with  concrete.  The  upstream  apron 
is  mostly  covered  by  reservoir  sediment.  The  downstream  apron 
slopes  downward  from  the  weir  crest  to  the  spillway  discharge 
channel  with  a  three  feet  drop  in  elevation.  Downstream  of  the  weir 
the  spillway  discharge  channel  bottom  is  lined  with  weathered 
bedrock  (see  Photo  7).  The  left  side  slope  of  the  channel  is  tree 
and  brush  covered.  Remnants  of  a  concrete  retaining  wall  and  grass 
and  riprap  covered  embankment  material  comprise  the  right  side  slope 
of  the  channel  (see  Photo  9).  The  channel  bottom  is  a  series  of 
ledges  and  chutes  in  the  bedrock  as  the  spillway  proceeds  downstream 
of  the  dam  embankment  and  curves  toward  the  downstream  channel. 
Downstream  of  the  dam  embankment,  the  channel  is  aligned  roughly 
parallel  to  the  axis  of  the  dam  and  is  adjacent  to  a  railroad 
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embankment  (see  Photo  10).  Here  the  channel  bottom  is  lined  with 
bedrock,  rubble  and  small  trees  and  the  side  slopes  are  bare  earth. 
The  discharge  channel  joins  the  downstream  channel  at  the  entrance 
of  a  masonry  arch  conduit,  which  passes  under  the  railroad  embank¬ 
ment  about  100  feet  downstream  of  the  toe  of  the  dam. 

A  low-level  outlet  is  provided  for  this  dam,  which 
consists  of  a  sluice  gate  inlet  and  a  24-inch  diameter  corrugated 
metal  pipe  (CMP)  outlet  (see  Photos  14  and  16).  The  gate  is  located 
on  the  upstream  slope  13.5  feet  below  the  top  of  dam  and  220  feet  to 
the  left  of  the  right  abutment.  The  gate  is  manually  operated  from 
the  top  of  dam  and  is  inclined  at  the  same  slope  as  the  upstream 
embankment  face.  The  gate  stem  and  gate  stem  encasement  pipe  are 
supported  by  five  concrete  pedestals  placed  on  the  embankment 
between  the  gate  and  the  top  of  the  dam  (see  Photo  12).  The  gate  is 
25  inches  square  and  covers  an  opening  of  unknown  size  in  a  concrete 
headwall  (see  Photo  13).  The  opening  in  the  headwall  leads  to  the 
CMP  outlet  in  an  unknown  manner.  The  CMP  travels  through  the  dam 
and  outlets  above  the  downstream  toe  of  the  dam  and  into  an  earth- 
lined  stilling  basin.  An  earth-lined  outlet  channel  carries  flow 
from  the  stilling  basin  to  the  downstream  channel. 

b.  Location 

Lembeck  Lake  Dam  is  located  in  Jefferson  County  in  the 
State  of  Missouri  on  Whitehead  Creek.  The  location  of  the  dam  on 
the  7.5  minute  series  of  the  U.S.  Geological  Survey  maps  is  found  in 
the  northeast  quadrant  of  Section  10  of  Township  39  North,  Range  4 
East,  of  the  Vineland,  Missouri  Quadrangle  Sheet  (Advance  Print,  see 
Plate  2).  The  dam  axis  is  situated  approximately  parallel  to  and 
100  feet  upstream  of  a  Missouri  Pacific  Railroad  track  and  embank¬ 


ment. 


Size  Classification 


c. 

The  reservoir  impoundment  of  Lembeck  Lake  Dam  is  less 
than  1,000  acre-feet  but  more  than  50  acre-feet,  which  would  clas¬ 
sify  it  as  a  "small"  size  dam*  The  maximum  height  of  the  dam  is 
less  than  40  feet  and  greater  than  25  feet,  which  also  classifies  it 
as  a  "small"  size  dam*  The  size  classification  is  determined  by 
either  the  storage  or  height,  whichever  gives  the  larger  size 
category*  Therefore,  the  size  classification  is  determined  to  fall 
within  the  "small"  category,  according  to  the  "Recommended  Guide¬ 
lines  for  Safety  Inspection  of  Dams"  by  the  U.S.  Department  of  the 
Army,  Office  of  the  Chief  Engineer. 

d*  Hazard  Classification 

The  dam  has  been  classified  as  having  a  "high"  hazard 
potential  in  the  National  Inventory  of  Dams,  on  the  basis  that  in 
the  event  of  failure  of  the  dam  or  its  appurtenances,  excessive 
damage  could  occur  to  downstream  property,  together  with  the  possi¬ 
bility  of  the  loss  of  life.  From  a  visual  inspection  of  the  down¬ 
stream  area,  our  findings  concur  with  this  classification.  Located 
within  the  estimated  damage  zone,  which  extends  less  than  three 
miles  downstream  of  the  dam,  are  at  least  24  dwellings,  four  build¬ 
ings,  one  railroad  embankment,  one  state  highway  (Highway  110)  and 
one  railroad  terminal  (see  Photo  18). 

The  railroad  embankment  downstream  of  the  dam  was  sur¬ 
veyed  to  be  10.5  feet  higher  than  the  minimum  top  of  dam.  Because 
of  this,  the  railroad  embankment  might  provide  some  additional 
safety  to  the  downstream  hazard  zone  If  the  dam  were  to  fall. 
However,  the  railroad  embankment  would  be  overtopped  during  the 
occurrence  of  a  Probable  Maximum  Flood,  as  shown  in  Section  5.  Id. 
This  would  inevitably  cause  a  failure  of  the  railroad  embankment. 
Also,  due  to  the  fact  that  most  railroad  embankments  are  not  de¬ 
signed  to  store  water,  which  is  evident  at  this  site  inasmuch  as  the 
side  slopes  of  the  railroad  embankment  are  greater  than  IV  to  1H, 
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the  pressure  of  the  water  on  the  railroad  embankment  due  to  the 
backup  of  flood  waters  from  a  large  storm  or  the  sudden  surcharge  of 
water  on  the  embankment  due  to  a  sudden  failure  of  Lembeck  Lake  Dam 
could  cause  a  failure  of  the  railroad  embankment* 

e.  Ownership 

Lembeck  Lake  Dam  is  owned  privately  by  Dr.  and  Mrs.  Chang 
H.  Kang.  The  mailing  address  is  Dr.  and  Mrs.  Chang  H.  Kang,  14012 
Margaux  Lane,  Chesterfield,  Missouri,  63017.  Dr.  and  Mrs.  Kang 
lease  the  lake  and  dam  property  to  a  group  called  the  Pleasant  View 
Lake  Association  that  also  maintain  the  dam.  Dr.  and  Mrs.  Kang  were 
not  the  owners  when  the  dam  was  built. 

f •  Purpose  of  Dam 

The  purpose  of  the  dam  is  to  impound  water  for  recrea¬ 
tional  use  as  a  private  lake. 

g.  Design  and  Construction  History 

According  to  Mr.  John  J.  Lembeck,  the  son  of  the  original 
owner  of  the  dam,  the  dam  was  built  by  a  Wheatley  Construction 
Company  of  Dupo,  Illinois  in  a  period  of  1.5  months  between  February 
and  March  of  1958.  A  date  of  May  13,  1958  was  inscribed  in  the 
concrete  headwall  of  the  low-level  outlet  indicating  that  the  sluice 
gate  and  the  headwall  were  installed  after  the  dam  embankment  was 
completed. 

Mr.  Lembeck  said  that  the  soil  for  the  dam  embankment  was 
taken  from  the  hill  at  the  north  side  of  the  reservoir.  The  top¬ 
soil  was  removed  and  stockpiled  in  order  to  be  placed  later  on  the 
dam  embankment.  The  soil  used  for  the  dam  was  primarily  a  red  clay. 
The  fill  material  was  placed  on  the  embankment  by  rubber-tired 
scrapers  pulled  by  bulldozers  and  compacted  by  a  sheepsfoot  roller. 
Mr.  Lembeck  stated  that  it  was  relatively  rainy  during  the  period 
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when  Che  dam  embankmenc  was  constructed*  No  compaction  tests  were 
made  during  the  construction  of  the  dam. 

A  core  trench  was  constructed  along  the  axis  of  the  dam 
to  solid  bedrock  and  keyed  into  the  right  abutment.  According  to 
Mr.  Lembeck,  there  were  no  plans  or  specifications  for  the  dam. 

Mr.  Duke  Sutterfield,  one  of  the  previous  owners  of  the 
dam,  said  that  Improvements  were  made  to  the  spillway  of  the  dam  In 
1973.  Riprap  was  placed  at  the  base  of  the  spillway  weir  and  a  new 
concrete  slab  placed  over  the  riprap. 

According  to  Dr.  Kang,  a  weir  wall  across  the  spillway 

discharge  channel  was  washed  out  during  a  two  to  three  Inch  rain¬ 

storm  about  five  years  ago.  Remnants  of  the  weir  wall  were  seen  in 
the  discharge  channel  (see  Photo  9).  The  south  side  of  the  spillway 
channel  was  also  damaged  during  this  rainstorm.  Dr.  Kang  had  riprap 
placed  in  this  area  to  prevent  further  damage  to  the  discharge 
channel  slope  and  dam  (see  Photo  5).  There  have  not  been  any  other 
changes  or  modifications  to  the  dam. 

h.  Normal  Operational  Procedures 

Lembeck  Lake  Dam  Is  used  to  Impound  water  for  recreation. 
According  to  Dr.  Kang,  the  sluice  gate  of  the  low-level  outlet  Is 
opened  during  the  winter  months  to  lower  the  water  level  in  the 

reservoir  to  kill  aquatic  plants  and  vegetation  that  grow  on  the 

bottom  and  sides  of  the  reservoir.  The  gate  is  then  closed  at  the 
end  of  the  winter  months  and  the  water  level  is  allowed  to  rise  and 
remain  as  high  as  possible.  The  water  level  in  the  reservoir  is 
controlled  by  rainfall,  runoff,  evaporation,  the  elevation  of  the 
spillway  crest  and  the  operation  of  the  low-level  outlet.  The 
reservoir  is  also  fed  by  three  natural  springs,  according  to  Dr. 
Kang. 
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Pertinent  Data 


a.  Drainage  Area  (square  miles): . 3.4 

b.  Discharge  at  Damsite 

Estimated  experienced  maximum  flood  (cfs):  .  Unknown 

Estimated  ungated  spillway  capacity  with 

reservoir  at  top  of  dam  elevation  (cfs): .  2503 

c.  Elevation  (Feet  above  MSL) 

Top  of  dam  (minimum):.  . .  550  (assumed)* 

Spillway  crest: . .  544.9 

Low-level  outlet:.  . . . .  536.6 

Normal  Pool:  .  544.9 

Maximum  Experienced  Pool: ......  .  Unknown 

Observed  Pool:  .  536.7 

d.  Reservoir 

Length  of  pool  with  water  surface 

at  top  of  dam  elevation  (feet): .  2400 

e.  Storage  (Acre-Feet) 

Top  of  dam  (minimum): . . .  208.0 

Spillway  crest: . .  117.0 

Low-level  outlet: . 47.5 

Normal  Pool:  .  ..............  117.0 

Maximum  Experienced  Pool: ...  .  .  Unknown 

Observed  Pool:  .  48.0 

f.  Reservoir  Surfaces  (Acres) 

Top  of  dam  (minimum):.  .................  25.0 

Spillway  crest: . 11.5 

Low-level  outlet: . . . 7.0 

Normal  Pool:  .  ............  11.5 

Maximum  Experienced  Pool:.  ......  .  ...  Unknown 
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Observed  Pool: 


7.0 


g.  Dam 


Type: . .  Rolled,  Earthfill 

Length: .  590  feet 

Structural  Height:  .  26.4  feet 

Hydraulic  Height**: . .  26.4  feet 

Top  width: . 17  feet 

Side  slopes: 

Downs tream.  ......  .  IV  to  2.5H  (measured) 

Upstream . .  lVto3.5H  (above  the  water  surface) 

Zoning: . .  Homogeneous 

Impervious  core:  .  N.A. 

Cutoff . . . . A  core  trench  excavated  to  bed¬ 

rock,  according  to  Mr.  Lembeck 
Grout  curtain:  ............  None 

Volume: .  21,200  cu.yds.  (estimated) 


h.  Diversion  and  Regulating  Tunnel.  ...  None 


Type: 


1 .  Spillway 


Location:.  ...  . 

Length  of  crest:  . 

Top  Width: . . . 

Depth:  . 

Crest  Elevation  (feet  above  MSL):.  .  . 


Parabolic-shaped,  concrete- 
lined,  broad-crested  weir 
with  an  earth-  and  rock-cut 
channel,  uncontrolled. 

Left  abutment 
N.A. 

80.0  feet 
2.0  feet 
544.9 


j.  Regulating  Outlets 


Type: . Low-level  outlet 

Location:.  . .  220  feet  to  the  left  of  the 

right  abutment 

Length:.  ......  .  ..  Unknown 


Closure:  .... 
Maximum  Capacity: 


25  inch  square,  sluice  gate 
Unknown 


*  No  exact  elevation  is  known  for  the  top  of  dam,  therefore,  an 
elevation  was  estimated  from  the  Vineland,  Missouri,  U. S.G.S.  Quadrangle 
sheet  (Advance  Print) .  This  estimated  elevation  is  referred  to  as  an 
assumed  elevation.  All  other  elevations  were  determined  from  the 
assumed  top  of  dam  elevation  and  field  measurements. 

**  The  hydraulic  height  of  the  dam  is  the  vertical  distance  from  the 
lowest  point  on  the  downstream  toe  to  the  top  of  dam  or  the  maximum 
water  surface,  if  below  the  top  of  dam. 


SECTION  2:  ENGINEERING  DATA 


2. 1  Design 

No  design  drawings  or  calculations  are  available  for  the  dam 
and  appurtenant  structures* 

2.2  Construction 

No  documented  data  are  available  concerning  the  construction 
of  the  dam  and  appurtenant  structures,  other  than  the  construction 
history  given  in  Section  1.2g.  Mr.  Lembeck  had  a  set  of  slides  that  were 
taken  during  the  construction  of  the  dam;  however,  they  were  primarily 
general  overviews  of  the  dam  embankment  and  were  of  little  or  no  help  in 
the  preparation  of  this  report. 

2.3  Operation 

No  operational  records  or  data  are  available  for  Lembeck  Lake 

Dam. 


2.4  Evaluation 


a.  Availability 

The  availability  of  engineering  data  consists  of  the 
State  Geological  Maps,  a  general  soils  map  of  the  State  of  Missouri 
published  by  the  Soil  Conservation  Service  and  U.S.G.S.  Quadrangle 
Sheets.  No  design  drawings,  design  computations,  construction  data, 
or  operation  data  are  available. 


b.  Adequacy 


The  conclusions  presented  in  this  report  are  based  on 
field  measurements,  past  performance  and  present  condition  of  the 
dam*  The  available  data  including  the  field  measurements  taken  by 
the  field  inspection  team  are  considered  adequate  to  evaluate  the 
hydraulic  and  hydrologic  capabilities  of  the  dam.  Seepage  and 
stability  analyses  comparable  to  the  requirements  of  the  "Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams"  were  not  available, 
which  is  considered  a  deficiency. 

c*  Validity 

No  valid  documented  engineering  data  were  available 
pertaining  to  the  design  or  construction  of  the  dam  and  appurtenant 
structures. 
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SECTION  3;  VISUAL  INSPECTION 


3* 1  Findings 

a.  General 


A  visual  inspection  of  the  Lembeck  Lake  Dam  was  made  on 


March  5,  1981. 

The 

following  persons  were  present  during  the 

inspection: 

Name 

Affiliation 

Disciplines 

Mark  Haynes, 

P.E. 

PRC 

Engineering  Consultants,  Inc. 

Soils 

Jerry  Kenny 

PRC 

Engineering  Consultants,  Inc. 

Hydraulics  and 
Hydrology 

James  Nettum, 

P.E. 

PRC 

Engineering  Consultants,  Inc. 

Civil-Structural 
and  Mechanical 

Razi  Quralshl, 

R .  P .  G . 

PRC 

Engineering  Consultants,  Inc. 

Geology 

John  Lauth,  P.E. 

PRC 

Consoer  Townsend,  Inc. 

Civil  -  Structural 

Specific  observations  are  discussed  below. 


b.  Dam 

The  overall  condition  of  the  dam  appears  to  be  fair; 
however,  some  Items  of  concern  were  observed  and  are  described 
below. 

The  top  of  dam  appears  to  be  adequately  protected  against 
surface  erosion  by  a  well  maintained  grass  cover  (see  Photo  2).  No 
depressions  or  cracks  indicating  a  settlement  of  the  embankment  were 
apparent.  The  variation  in  elevation  across  the  top  of  dam  did  not 
appear  to  be  due  to  an  instability  of  the  embankment.  The  top  of 
dam  is  occasionally  used  as  an  access  road;  however,  no  damage 
generally  associated  with  vehicular  traffic  across  an  earthen 
structure  was  observed.  No  significant  deviation  in  the  horizontal 
alignment  was  apparent.  No  evidence  indicating  that  the  dam  has 
ever  been  overtopped  was  observed. 

The  upstream  slope  is  not  protected  by  riprap;  conse¬ 
quently,  the  slope  has  been  eroded  due  to  wave  action  leaving  scarps 
up  to  one-foot  high  in  some  areas  (see  Photo  4).  Due  to  the  water 
level  in  the  reservoir  on  the  day  of  the  inspection,  a  comprehensive 
inspection  of  the  slope  was  achieved.  The  slope  above  the  normal 
water  surface  level  was  adequately  protected  against  surface  runoff 
erosion  by  a  good,  tall  grass  cover.  Several  small  cedar  trees  were 
also  observed  above  the  normal  water  surface  level  (see  Photo  I). 
No  bulges,  depressions  or  cracks  indicating  an  instability  of  the 
embankment  or  foundation  were  observed  on  the  slope.  The  effect  of 
drawing  down  the  reservoir  has  had  no  apparent  effect  on  the  sta¬ 
bility  of  the  embankment.  Debris,  which  included  a  large  pile  of 
driftwood  and  trash  at  the  south  end  of  the  dam,  was  observed  along 
the  slope  at  the  normal  water  surface  (see  Photos  1  and  4). 

The  downstream  slope  of  the  dam  appears  to  be  adequately 
protected  from  surface  runoff  erosion  by  an  unmaintained  grass 
cover.  Large  vegetation  ranging  from  brush  to  large  sized  trees  was 
also  observed  on  the  slope  (see  Photo  3).  The  vegetation  on  the 
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slope  hampered  a  comprehensive  inspection  of  the  slope;  however,  no 
depressions,  bulges  or  cracks  Indicative  of  a  slope  movement  were 
apparent  on  the  slope.  No  seepage  was  observed  either  on  the  slope 
or  along  the  downstream  toe  of  the  dam.  The  toe  of  the  embankment 
was  severely  eroded  near  the  outlet  of  the  low-level  outlet,  as 
further  described  in  Section  3, Id  (see  Photo  16), 

The  right  abutment  slopes  gently  upward  from  the  dam.  No 
instabilities  or  seepage  were  observed  on  the  right  abutment; 
however,  one  erosion  gully  was  observed  along  the  downstream, 
embankment/right  abutment  contact.  The  left  abutment  along  the  left 
side  of  the  spillway  discharge  channel  and  in  the  vicinity  of  the 
dam  was  fairly  steep,  as  indicated  by  slopes  greater  than  IV  to  1H 
and  showed  signs  of  some  erosion;  however,  the  steepness  of  the 
slope  and  the  apparent  erosion  does  not  appear  to  have  any  effect  on 
either  the  safety  of  the  dam  or  the  safe  operation  of  the  spillway. 
No  other  instabilities  or  seepage  were  observed  along  the  left 
abutment. 

No  evidence  of  burrowing  animals  was  apparent  on  the 
embankment  or  either  abutment, 

c.  Project  Geology  and  Soils 

(1)  Project  Geology 

The  damsite  is  located  on  Whitehead  Creek  in  the  Salem 
Plateau  section  of  the  Ozark  Plateaus  Physiographic  Province,  Deep 
dissection  of  topography  by  major  streams  is  one  of  the  important 
characteristics  of  the  Salem  Plateau  section.  There  is  a  wide 
distribution  of  dolomites  and  limestones  in  the  Salem  Plateau, 
Cuestaform  topography  is  exhibited  in  this  plateau  section  con¬ 
sisting  of  two  major  escarpments,  namely  the  Crystal  Escarpment  and 
Burlington  Escarpment,  Deep  dissection  in  dolomites  and  limestones 
is  a  major  factor  in  the  development  of  many  springs  in  this  area, 
A  major  component  of  surface  discharge  of  water  to  the  Lembeck  Lake 
Dam  is  contributed  by  the  springs. 


The  topography  in  the  vicinity  of  the  damsite  is  rolling 
to  hilly  with  tJ-  to  V-shaped  valleys.  Elevations  of  the  ground 
surface  range  from  861  feet  above  M.5.L.  nearly  2.9  miles  southwest 
of  the  damsite  to  550  feet  above  M.S.L*  at  the  damsite.  The  reser¬ 
voir  slopes  are  generally  from  8-  to  22-degrees  from  horizontal. 
The  reservoir  slopes  are  stable  and  the  reservoir  appears  to  be 
watertight.  The  area  near  the  damsite  is  covered  with  residual  soil 
deposits  consisting  of  a  reddish-brown,  moderately  plastic,  silty 
clay  with  frequent  1/4  inch  rock  fragments. 

The  regional  bedrock  geology  beneath  the  residual  soil 
deposits  in  the  damsite  area  as  shown  on  the  Geologic  Map  of  Mis¬ 
souri  (1979)  (see  Plate  6)  are  of  the  Ordovician  age  rocks  consist¬ 
ing  of  Decorah  Formation,  St.  Peter  Sandstone,  Powell  Dolomite, 
Cotter  Dolomite,  Roubidoux  Formation,  and  Gasconade  Dolomite;  and 
the  Cambrian  age  rocks  consisting  of  Eminence  Dolomite,  Potosl 
Dolomite,  and  Franconia  and  Bonneterre  Formations.  The  predominant 
bedrock  underlying  the  residual  soil  deposits  in  the  vicinity  of  the 
damsite  are  the  Ordovician  age  rocks  consisting  of  Powell  Dolomite, 
Roubidoux  Formation,  Gasconade  Dolomite  and  St.  Peter  Sandstone. 

Outcroppings  of  Ordovician  Powell  Dolomite  (light-  to 
brownish-gray,  fine  grained,  very  hard,  thinly  bedded,  slightly 
weathered  to  unweathered,  cherty  dolomite  with  frequent  vugs)  are 
exposed  in  the  discharge  channel  of  the  spillway  (see  Photos  7,  10 
and  11). 

No  faults  have  been  identified  at  the  damsite.  The 
closest  trace  of  a  fault  to  the  damsite  is  the  Ste.  Genevieve  fault 
system  nearly  two  miles  southwest  of  the  damsite.  The  Ste.  Gene¬ 
vieve  fault  had  its  last  movement  in  the  post-Pennsylvanian  time. 
Thus,  the  fault  system  has  no  effect  on  the  damsite. 


No  boring  logs  or  construction  reports  were  available 
that  would  indicate  foundations  conditions  encountered  during 
construction*  Based  on  the  visual  inspection  and  conversations  with 
Mr.  Lembeck,  the  embankment  probably  rests  on  Ordovician  Powell 
Dolomite  bedrock  with  the  core  trench  excavated  to  the  bedrock.  The 
spillway  was  cut  into  the  left  abutment  and  is  founded  on  the 
bedrock  of  cherty  dolomite.  The  low-level  outlet  pipe  rests  on  the 
compacted  embankment  fill. 

(2)  Project  Soils 

According  to  the  ''Missouri  General  Soil  Map  and  Soil 
Association  Description"  published  by  the  Soil  Conservation  Service, 
the  materials  in  the  general  area  of  the  dam  belong  to  the  soil 
series  of  Union-Goss-Gasconade-Peridge  in  the  Ozark  Border  Associa¬ 
tion.  The  soils  are  basically  formed  from  loess  deposits  and 
weathered  bedrock.  These  soils  vary  from  a  slowly  permeable  silty 
clay  to  moderately  permeable  silt  loam. 

Material  removed  from  the  embankment  slopes  was  a  red¬ 
dish-  to  yellowish-brown,  moderately  plastic,  silty  clay  with  traces 
of  fine  to  medium  sand  and  traces  of  rock  fragments  ranging  from  1/4 
to  one  inch.  Based  upon  the  Unified  Soil  Classification  System,  the 
soil  would  probably  be  classified  as  a  CL.  This  is  an  impervious 
soil  type,  which  generally  has  the  following  characteristics:  a 
coefficient  of  permeability  less  than  one  foot  per  year,  medium 
shear  strength,  and  a  high  resistance  to  piping. 
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d.  Appurtenant  Structures 


(1)  Spillway 

The  concrete  surface  of  the  weir  was  rough  due  apparently 
to  the  mix  composition  and  finishing  techniques  and  not  from  wea¬ 
thering  (see  Photo  8).  No  large  cracks  were  seen  in  the  crest 
portion  of  the  weir  control  section.  But,  the  joint  along  the 
downstream  edge  of  the  weir  and  the  downstream  apron  has  separated 
and  a  part  of  the  concrete  of  the  apron  has  broken  off  (see  Photos  8 
and  9).  The  failure  of  this  portion  of  the  weir  appears  to  have 
resulted  from  differential  settlement  caused  by  undermining  of  the 
weir  foundation  and  the  lack  of  reinforcement  in  the  concrete. 

The  bedrock-lined  channel  beginning  just  downstream  of 
the  broad-crested  weir  has  undergone  considerable  erosion  since  the 
time  of  its  construction  (see  Photo  7).  This  was  evidenced  by  the 
remnants  of  a  second  weir  that  failed  five  years  ago,  according  to 
Dr.  Kang  (see  Photo  9).  The  bottom  of  this  concrete  weir  that  is 
still  in  place  is  perched  two  feet  above  the  current  channel  bottom. 
The  weir  extended  across  the  spillway  channel  slightly  downstream  of 
the  dam  axis.  It  is  assumed  that  the  bottom  of  the  weir  was  set  on 
the  bedrock  lining  of  the  channel.  It  appears  that  the  weir  frac¬ 
tured  near  its  right  abutment.  The  majority  of  the  structure  was 
seen  lying  along  the  left  edge  of  the  spillway  channel  (see  Photo 
7). 


The  right  end  of  the  concrete  weir  abuts  a  concrete 
retaining  wall  that  extends  along  part  of  the  right  spillway  channel 
bank  near  the  dam  embankment.  The  foundation  of  the  wall  has 
failed;  the  concrete  is  cracked;  and  the  wall  is  inclined  about  30- 
to  45-degrees  towards  the  spillway  (see  Photo  9).  It  is  not  known 
if  the  spillway  channel  erosion  was  solely  responsible  for  the 
failure  of  the  wall,  but  it  certainly  was  a  contributor.  Riprap  has 
been  placed  along  the  right  side  of  the  spillway  channel  in  an 
effort  to  protect  the  embankment  from  erosion,  according  to  Dr.  Kang 
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(see  Photo  5).  The  inclination  of  the  retaining  wall  has  displaced 
some  of  the  riprap  exposing  unprotected  portions  of  the  embankment* 
The  inevitable  complete  collapse  of  the  wall  could  expose  additional 
embankment  areas  to  the  erosive  action  of  spillway  flows. 

Portions  of  the  spillway  discharge  channel  banks  have 
eroded  in  the  region  downstream  of  the  dam.  The  channel  here  is 
irregularly  surfaced  with  bedrock,  rubble  and  obstructed  with  trees 
and  brush  (see  Photo  10).  Even  though  both  sides  of  the  channel 
were  eroded,  the  bank  adjacent  to  the  railroad  embankment  was  in  the 
worst  condition. 

(2)  Low-level  Outlet 

There  appeared  to  be  no  leakage  around  the  3luice  gate  as 
thei.f>  was  no  discharge  through  the  outlet  pipe;  however,  there  was 
very  little  head  on  the  gate  the  day  of  the  inspection.  The  head- 
wall  has  been  undermined  slightly  due  probably  to  wave  action  (see 
Photo  13).  The  gate  appears  to  be  operable  for  on  a  reconnaissance 
trip  to  the  damsite  the  gate  was  slightly  open  and  water  was  dis¬ 
charging  through  the  outlet  pipe.  On  the  day  of  the  inspection,  the 
gate  was  closed  and  the  reservoir  level  was  slightly  above  the 
invert  of  the  outlet.  Grease  on  the  gate  stem  also  indicates  that 
the  gate  had  been  operated  recently  (see  Photo  13).  The  handwheel 
operator  for  the  gate  was  not  observed  at  the  damsite. 

The  pedestals  supporting  the  gate  stem  and  encasement 
pipe  were  all  canted  in  varying  degrees.  The  tops  of  three  pedes¬ 
tals  were  broken  off  precluding  any  lateral  support  for  the  stem 
(3ee  Photo  12).  The  pedestal  at  the  normal  water  surface  level  was 
displaced  and  damaged  to  an  extent  that  no  support  at  all  was 
provided  for  the  stem  (see  Photo  15).  All  the  pedestals  showed 
honeycombing  resultant  from  placement,  but  little  weathering  was 
evident. 
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The  outlet  end  of  the  CMP  was  cantilevered  out  eight  feet 
from  the  embankment  (see  Photo  16) .  The  asphalt  coating  on  the 
outside  of  the  CMP  was  sloughing  off  although  no  rust  was  evident. 
No  piping  of  the  embankment  material  was  observed  around  the  down¬ 
stream  end  of  the  outlet  pipe.  Discharge  from  the  outlet  pipe  into 
the  stilling  basin  has  eroded  the  toe  of  the  dam  back  to  where  the 
pipe  emerges  from  the  embankment.  The  remaining  sides  of  the 
stilling  basin  were  near  vertical  and  raw.  The  outlet  channel  from 
the  stilling  basin  was  obstructed  by  tree  roots  and  debris. 

e.  Reservoir  Area 

The  reservoir  water  surface  elevation  at  the  time  of  the 
inspection  was  536.7  feet  above  M.S.L.  The  reservoir  has  a  normal 
water  surface  elevation  of  544.9  feet  above  M.S.L.  and  a  surface 
area  of  11.5  acres  at  the  normal  water  surface  level. 

The  rim  appeared  to  be  stable  with  no  eroslonal  or 
stability  problems  observed  (see  Photo  17).  The  land  around  the 
reservoir  slopes  gently  to  moderately  upward  from  the  reservoir  rim 
and  is  mostly  wooded  with  grass  cover.  No  houses  are  built  near  the 
reservoir  shoreline.  No  evidence  of  excessive  siltation  was  ob¬ 
served  in  the  reservoir  on  the  day  of  the  inspection. 

f .  Downstream  Channel 

The  downstream  channel  between  the  dam  and  the  railroad 
embankment  is  not  well  defined  and  is  obstructed  with  trees  and 
debris.  The  channel  passes  through  a  10-feet  tall  by  10-feet  wide 
masonry  arch  culvert  under  the  railroad  embankment.  The  channel 
then  discharges  into  Joachim  Creek,  which  is  a  fairly  wide  channel. 


3.2 


Evaluation 


The  visual  inspection  uncovered  nothing  which  was  felt  to  be 
sufficiently  significant  to  indicate  a  need  for  immediate  remedial 
action.  However,  the  following  conditions  were  observed  which  could 
adversely  affect  the  dam  in  the  near  future  and  will  require  maintenance 
within  a  reasonable  period  of  time. 

1.  The  failure  of  the  downstream  apron  of  the  broad-crested  weir 
does  present  a  safety  hazard  to  the  dam.  Future  flows  over  the  weir 
will  continue  to  undermine  the  foundation  causing  further  differen¬ 
tial  settlement.  Vehicular  traffic  over  the  unreinforced  weir  will 
accelerate  the  inevitable  break  up  and  collapse  of  the  concrete 
surface.  The  total  failure  of  the  weir  could  Imperil  the  dam. 

2.  The  erosion  in  the  spillway  channel  that  has  contributed  to  the 
failure  of  the  original  concrete  weir  and  retaining  wall  and  the 
apparent  instability  of  the  adjacent  embankment  does  not  present  an 
immediate  safety  hazard  to  the  dam.  But,  the  progressive  nature  of 
the  erosion  could  eventually  cause  sufficient  damage  to  Jeopardize 
the  dam. 

3.  The  erosion  in  the  lower  reach  of  the  spillway  channel  does  not 
currently  endanger  the  dam,  but  will  worsen  with  time.  Currently, 
the  greatest  hazard  resulting  from  this  erosion  is  to  the  adjacent 
railroad  embankment. 

4.  The  loss  of  support  for  the  gate  stem  caused  by  the  instability 
of  the  concrete  pedestals  could  disable  the  low-level  outlet. 
Whatever  reservoir  control  that  is  provided  by  the  outlet  would  then 
be  eliminated. 

5.  The  erosion  of  the  embankment  toe  in  the  stilling  basin  and  the 
undermining  of  the  headwall  of  the  low-level  outlet  is  a  hazard  to 
the  stability  of  the  system  and  the  dam. 
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6.  The  obstruction  of  tree  roots  and  debris  in  the  discharge 
channel  of  the  law-level  outlet  reduces  the  capacity  of  the  channel. 

7.  The  wave  erosion  on  the  upstream  slope  does  not  appear  to  affect 
the  stability  of  the  dam  in  its  present  condition.  However,  con¬ 
tinual  erosion  of  the  slope  can  only  be  detrimental  to  the  struc¬ 
tural  integrity  of  the  dam. 

8.  The  trees  and  brush  on  the  embankment  slopes,  especially  on  the 
downstream  slope,  pose  a  potential  danger  to  the  safety  of  the  dam 
if  allowed  to  grow.  A  tall,  dense  growth  of  vegetation  on  the 
embankment  hinders  a  comprehensive  inspection  of  the  dam  and  poten¬ 
tial  problems  could  go  undetected.  And,  the  root  system  of  large 
trees  present  possible  paths  for  piping  through  the  embankment  and 
can  also  do  damage  to  the  embankment  by  being  uprooted  during  a 
storm. 

9.  The  erosion  along  the  embankment/right  abutment  contact  does  not 
jeopardize  the  stability  of  the  dam  in  its  present  condition; 
however,  continual  erosion  in  this  area  can  only  be  detrimental  to 
the  stability  of  the  dam. 

10.  The  driftwood  and  debris  observed  on  the  upstream  slope  could 
have  an  adverse  affect  on  the  safety  of  the  dam  and  the  railroad 
embankment  downstream  of  the  dam.  During  high  flows  through  the 
spillway,  the  driftwood  and  any  floating  debris  will  probably  pass 
through  the  spillway  safely;  however,  the  driftwood  could  obstruct 
the  culvert  under  the  railroad  embankment  which  would  Increase  the 
potential  of  a  failure  of  the  railroad  embankment  during  large 
floods.  Also,  the  pile  of  driftwood  and  debris  at  the  south  end  of 
the  dam  could  allow  potential  problems  in  the  area  to  go  undetected. 
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SECTION  4:  OPERATIONAL  PROCEDURES 


4. 1  Procedures 


According  to  Dr.  Kang,  the  sluice  gate  of  the  low-level  outlet 
is  opened  during  the  winter  months  to  lower  the  water  level  in  the 
reservoir.  The  reservoir  level  is  lowered  in  order  to  eliminate  the 
growth  of  aquatic  plants  and  vegetation  on  the  bottom  and  sides  of  the 
reservoir.  The  gate  is  then  closed  at  the  end  of  the  winter  months  and 
the  water  surface  is  allowed  to  rise  and  remain  as  high  as  possible. 

4.2  Maintenance  of  Dam 


Dr.  and  Mrs.  Kang  lease  the  lake  and  dam  property  to  a  group 
called  the  Pleasant  View  Lake  Association,  which  also  maintains  the  dam. 
The  Association  normally  cuts  the  grass  and  brush  from  the  top  and  slopes 
of  the  dam  about  once  or  twice  a  year.  However,  large  vegetation  ranging 
from  brush  to  large  trees  was  growing  on  the  downstream  slope  of  the  dam. 
A  few  small  cedar  trees  are  also  growing  on  the  upstream  3lope. 

Some  repair  work  has  been  done  in  the  spillway,  as  described 
in  Section  1.2g.  However,  the  spillway  is  still  in  need  of  further 
repair. 


4.3  Maintenance  of  Operating  Facilities 

The  sluice  gate  of  the  low-level  outlet  is  the  only  operating 
facility  at  the  dam.  The  gate  stem  is  periodically  oiled  to  increase  the 
ease  of  operation  of  the  system.  Due  to  the  condition  of  the  concrete 
support  pedestals  and  the  outlet  area  of  the  system,  the  maintenance  of 
the  low-level  outlet,  however,  appears  to  be  somewhat  lacking. 


4.4  Description  of  Any  Warning  System  in  Effect 

The  inspection  team  is  not  aware  of  any  warning  system  in 
effect  for  this  dam,  such  as  an  electrical  warning  system  or  manual 
warning  notification  plan. 

4. 5  Evaluation 


The  maintenance  of  Lembeck  Lake  Dam  seems  to  be  somewhat 
lacking.  Hie  remedial  measures  described  in  Section  7  should  be  under¬ 
taken  within  a  reasonable  period  of  time  to  improve  the  condition  of  the 
dam. 
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SECTION  5;  HYDRAULIC /HYDROLOGIC 


5.1  Evaluation  of  Features 


a.  Design 

No  hydrologic  and  hydraulic  design  data  are  available  for 
Lambeck  Lake  Dam.  The  sizes  of  physical  features  utilized  to 
develop  the  stage-outflow  relation  for  the  spillway  and  overtopping 
of  the  dam  were  prepared  from  field  notes  and  sketches  prepared 
during  the  field  inspection.  The  reservoir  elevation-area  data  were 
based  on  the  TJ.S.G.S.  Vineland,  Missouri  Quadrangle  topographic  map 
(Advance  Print,  7.5  minute  series).  The  spillway  and  overtop 
release  rates  and  the  reservoir  elevation-area  data  are  presented  in 
Appendix  B. 


The  hydrologic  soil  group  of  the  watershed  was  determined 
from  information  available  In  the  D.S.D.A.  Soil  Conservation  Service 
publication  "Missouri  General  Soil  Map  and  Soil  Association  Descrip¬ 
tions",  1979.  The  Probable  Maximum  Precipitation  (PMP)  used  to 
determine  the  Probable  Maximum  Flood  (PMF)  was  determined  by  using 
the  D. S.  Weather  Bureau  Publication  "Hydrometeorological  Report  No. 
33"  (April  1956).  The  100-year  and  the  10-year  floods  were  derived 
from  the  100-year  and  the  10-year  rainfall,  respectively,  of  Ste. 
Genevieve,  Missouri. 

b.  Experience  Data 

Records  of  reservoir  stage  or  spillway  discharge  are  not 
maintained  for  this  site.  However,  no  evidence  was  observed  which 
would  indicate  that  the  dam  had  ever  been  overtopped. 
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c.  Visual  Observations 

Observations  made  of  the  spillway  during  the  visual 
inspection  are  discussed  in  Section  3.  Id  and  evaluated  in  Section 

3.2. 

d.  Overtopping  Potential 

Both  the  Probable  Maximum  Flood  and  one-half  of  the 
Probable  Maximum  Flood,  when  routed  through  the  reservoir,  resulted 
in  overtopping  of  the  dam  and  the  subsequent  submergence  of  the  dam 
by  the  backwater  impounded  behind  the  railroad  embankment  immedi¬ 
ately  downstream.  Due  to  the  submergence  of  the  dam,  flows  over  the 
dam  are  controlled  by  the  railroad  embankment.  Therefore,  in  order 
to  evaluate  the  overtopping  of  the  dam,  the  railroad  embankment 
alone  was  analyzed.  The  reported  depths  and  durations  of 
submergence  and  the  peak  outflows  during  submergence  were  determined 
by  transferring  the  results  of  the  analysis  of  the  railroad  embank¬ 
ment  to  the  dam  (see  Appendix  B  for  addition  details  of  the 
analysis) .  The  peak  inflows  of  the  PMF  and  one-half  of  the  PMF  are 
21,447  cfs  and  10,723  cfs,  respectively.  The  peak  outflow  dis¬ 
charges  for  the  PMF  and  one-half  of  the  PMF  are  21,111  cfs  and  8,778 
cfs,  respectively.  The  maximum  capacity  of  the  spillway  just  before 
overtopping  the  dam  is  2,503  cfs.  The  dam  is  submerged  by  14.28  and 
12.29  feet  during  the  occurrence  of  the  PMF  and  one-half  of  the  PMF, 
respectively.  The  total  duration  that  the  dam  is  submerged  is  8.33 
hours  during  the  occurrence  of  the  PMF  and  6.0  hours  during  one-half 
of  the  PMF.  The  spillway/ reservoir  system  of  Lembeck  Lake  Dam  is 
capable  of  accommodating  a  flood  equal  to  approximately  13  percent 
of  the  PMF  just  before  overtopping  the  dam  and  will  also  accommodate 
the  ten-percent  chance  flood  (10-year  flood)  without  overtopping  the 
dam.  The  dam  is  overtopped  by  a  depth  of  approximately  one  foot 
during  the  occurrence  of  the  one-percent  chance  flood  (100-year 
flood).  The  total  duration  of  overtopping  is  at  least  one  hour. 
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The  surface  soils  on  the  embankment  consist  of  a  silty 
clay  protected  by  a  good  cover  of  grass.  However,  the  dam  will  be 
overtopped  and  subsequently  submerged  by  approximately  14.28  feet 
during  the  occurrence  of  the  PMF  which  can  cause  severe  erosion  to 
the  embankment  due  to  the  high  velocity  of  flow  on  its  downstream 
slope  before  submergence  occurs  and  due  to  turbulence  in  the  area  of 
the  embankment  after  submergence  occurs.  Severe  erosion  of  the 
embankment  could  lead  to  an  eventual  failure  of  the  dam.  The 
spillway  weir  and  discharge  channel  will  also  receive  considerable 
damage  during  large  flows,  as  evident  by  the  present  damage  in  the 
spillway  described  in  Section  3.  Id. 

The  estimated  damage  zone  of  Lembeck  Lake  Dam  extends 
approximately  three  miles  downstream  of  the  dam.  Located  within  the 
damage  zone  are  at  least  24  dwellings,  four  buildings,  one  railroad 
embankment,  one  state  highway  (Highway  110),  and  one  railroad 
terminal.  The  failure  of  the  dam  could  cause  extensive  damage  to 
the  property  downstream  of  the  dam  and  possible  loss  of  life  should 
the  railroad  embankment  also  fail.  The  degree  of  protection  to  the 
estimated  damage  zone  provided  by  the  railroad  embankment  is  ques¬ 
tionable  since  this  depends  on:  the  strength  of  the  railroad  embank¬ 
ment,  which  was  not  designed  to  impound  water;  the  degree  of  ob¬ 
struction  of  the  culvert  through  the  railroad  embankment;  and  the 
overtopping  of  the  railroad  embankment  itself,  as  is  the  case  for 
the  PMF  and  one-half  of  the  PMF. 
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SECTION  6:  STRUCTURAL  STABILITY 


6*1  Evaluation  of  Structural  Stability 

a.  Visual  Observations 

There  were  no  major  signs  of  settlement  or  distress 
observed  on  the  embankment  or  foundation  during  the  visual  inspec¬ 
tion.  The  stability  of  the  dam  does  not  appear  to  be  in  jeopardy  at 
this  time;  however,  continual  deterioration  of  the  dam  due  to 
neglect  and  improper  maintenance  can  only  endanger  the  structural 
integrity  and  safety  of  the  dam.  Ihe  wave  erosion  on  the  upstream 
slope  and  the  erosion  along  the  downstream,  right  abutment /embank¬ 
ment  contact  do  not  appear  to  endanger  the  structural  stability  of 
the  embankment  in  their  present  condition;  however,  continual 
erosion  in  these  areas  can  only  be  detrimental  to  the  embankment. 
In  the  absence  of  seepage  and  stability  analyses,  no  quantitative 
evaluation  of  the  structural  stability  can  be  made. 

The  stability  of  the  spillway  is  questionable.  A  portion 
of  the  broad-crested  weir  control  structure  has  failed  and  addi¬ 
tional  damage  in  the  spillway  area  is  also  evident.  Although  the 
spillway  is  unobstructed  and  should  function  under  limited  dis¬ 
charge,  a  potentially  unsafe  condition  exists. 

The  stability  of  the  low-level  outlet  is  also  question¬ 
able.  Discharge  through  the  system  has  seriously  eroded  the  toe  of 
the  dam  embankment,  which  endangers  the  stability  of  the  outlet  pipe 
and  the  dam.  The  low-level  outlet  appears  to  be  able  to  operate, 
but  its  use  creates  a  hazard  to  the  stability  of  the  dam. 
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b.  Design  and  Construction  Data 


No  design  computations  pertaining  to  the  embankment  were 
uncovered  during  the  report  preparation  phase*  Seepage  and  sta¬ 
bility  analyses  comparable  to  the  requirements  of  the  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams"  were  not  available.  No 
embankment  or  foundation  soil  parameters  were  available  for  carrying 
out  a  conventional  stability  analysis  on  the  embankment.  No  con¬ 
struction  data  or  specifications  relating  to  the  degree  of  embank¬ 
ment  compaction  were  available  for  use  in  a  stability  analysis. 

c.  Operating  Records 

No  operating  records  are  available  relating  to  the 
stability  of  the  dam  or  appurtenant  structures.  The  water  level  on 
the  day  of  inspection  was  8.2  feet  below  the  crest  of  the  spillway; 
however,  the  reservoir  is  assumed  to  remain  close  to  full  during  the 
summer  months. 

No  evidence  was  observed  that  would  indicate  that  the 
drawing  down  of  the  reservoir  by  the  low-level  outlet  has  had  any 
effect  on  the  structural  stability  of  the  dam.  Nevertheless,  it  is 
felt  that  due  to  the  large  size  of  the  low-level  outlet  and  the 
volume  of  water  stored  in  the  reservoir  that  drawing  down  the 
reservoir  by  means  of  the  outlet  could  have  an  effect  of  the  sta¬ 
bility  of  the  dam  depending  upon  the  rate  of  flow  through  the 
outlet. 

d.  Post  Construction  Changes 

The  only  known  modification  to  the  dam  or  spillway  since 
their  original  construction  was  the  repair  work  done  in  the  spillway 
channel  after  the  original  weir  wall  was  washed  out  (see  Section 
1.2g).  The  repair  work  appears  to  have  enhanced  the  structural 
integrity  and  safety  of  the  spillway  channel  and  the  dam.  Neverthe¬ 
less,  further  repair  work  is  required  in  the  spillway  channel.  No 
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ocher  pose  construction  changes  to  the  embankment  are  known  to  exist 
that  will  affect  the  structural  stability  of  the  dam. 

e.  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  2,  as  defined  in  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  as  prepared 
by  the  Corps  of  Engineers  (see  Plate  10).  Seismic  Zone  2  is  charac¬ 
terized  by  a  moderate  earthquake  hazard.  An  earthquake  of  the 
magnitude  that  would  be  expected  in  Seismic  Zone  2  should  not  cause 
significant  distress  to  a  veil  designed  and  constructed  earth  dam. 
Available  literature  indicates  that  no  active  faults  exist  near  the 
vicinity  of  the  damsite.  The  maximum  recorded  historic  magnitude 
earthquake  in  the  immediate  vicinity  of  the  damsite  was  the  January 
24,  1902  event  of  magnitude  5  located  at  a  distance  of  36  miles 

northeast  of  the  damsite.  This  event  cannot  be  correlated  with 
known  tectonic  structure  and  is  considered  to  probably  be  related  to 
the  release  of  accummulated  residual  strain  along  the  buried  pre- 
Quarternary  fault.  The  attenuation  of  this  event  to  the  damsite 
would  produce  a  peak  ground  acceleration  of  less  than  0.05g  which 
would  not  produce  a  significant  seismic  impact  on  the  dam. 
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SECTION  7:  ASSESSMENT/REMEDIAL  MEASURES 


7.1  Pam  Assessment 

The  assessment  of  the  general  condition  of  the  dam  is  based 
upon  available  data  and  the  visual  inspection.  Detailed  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation;  however,  the  investigation  is  intended  to  identify 
any  need  for  such  studies. 

It  should  be  realized  that  the  reported  condition  of  the  dam 
is  based  upon  observations  of  field  conditions  at  the  time  of  the  inspec¬ 
tion  along  with  data  available  to  the  inspection  team. 

It  is  also  important  to  realize  that  the  condition  of  a  dam 
depends  upon  numerous  and  constantly  changing  internal  and  external 
conditions,  and  is  evolutionary  in  nature.  It  would  be  incorrect  to 
assume  that  the  present  condition  of  the  dam  will  continue  to  represent 
the  condition  of  the  dam  at  some  point  in  the  future.  Only  through 
continued  care  and  inspection  can  there  be  assurance  that  an  unsafe 
condition  could  be  detected. 

a.  Safety 

The  spillway  capacity  of  Lembeck  Lake  Dam  is  found  to  be 
"Seriously  Inadequate".  The  spillway/ reservoir  system  will  accom¬ 
modate  about  13  percent  of  the  PMF  without  overtopping  the  dam.  If 
the  dam  is  overtopped  and  subsequently  submerged,  the  safety  of  the 
embankment  would  be  in  jeopardy  due  to  the  susceptibility  of  the 
embankment  materials  to  erosion.  High  velocity  flow  on  the  down¬ 
stream  slope  of  the  dam  before  submergence  occurs  and  turbulence  in 
the  area  of  the  dam  after  sunbmergence  occurs  could  cause  excessive 
erosion  and  eventually  lead  to  a  failure  of  the  dam.  The  spillway 
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system  would  also  receive  considerable  damage  during  the  occurrence 
of  the  PMF. 


The  overall  condition  of  the  dam  and  appurtenant  struc¬ 
tures  appears  to  be  poor  as  indicated  by  the  several  items  of 
concern  which  were  noted  during  the  visual  inspection  and  which  will 
require  attention.  A  quantitative  evaluation  of  the  safety  of  the 
embankment  could  not  be  made  in  view  of  the  absence  of  seepage  and 
stability  analyses.  The  present  embankment  appears  to  have  per¬ 
formed  satisfactorily  since  its  construction  without  failure  or 
evidence  of  instability;  however,  the  appurtenant  structures  have 
not  performed  satisfactorily  as  evident  by  the  partial  failure  of 
the  existing  weir  structure,  the  failure  of  the  original  weir  wall, 
the  damage  noted  in  the  spillway  discharge  channel  and  the  damage  to 
the  embankment  at  the  downstream  end  of  the  low-level  outlet.  No 
evidence  indicating  the  dam  has  ever  been  overtopped  was  observed. 
The  safety  of  the  dam  can  only  be  improved  if  the  deficiencies 
described  in  Section  3.2  are  properly  corrected  as  described  in 
Section  7.2b. 

b.  Adequacy  of  Information 

The  conclusions  presented  in  this  report  are  based  upon 
field  measurements,  past  performance  and  the  present  condition  of 
the  dam.  Documented  information  on  the  design  hydrology,  hydraulic 
design,  operation,  and  maintenance  of  the  dam  was  not  available. 
Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams”  were  not 
available,  which  is  considered  a  deficiency. 

c.  Urgency 

The  items  recommended  in  Paragraph  7,2a  should  be  pursued 
on  a  high  priority  basis.  The  remedial  measures  recommended  in 
Paragraph  7.2b  should  be  accomplished  within  a  reasonable  period  of 
time. 


32 


d.  Necessity  for  Phase  II  Inspection 

Based  upon  results  of  the  Phase  I  inspection,  and  if  the 
remedial  measures  recommended  in  Paragraph  7.2  are  undertaken,  a 
Phase  II  inspection  is  not  felt  to  be  necessary. 

7.2  Remedial  Measures 


a.  Alternatives 

There  are  several  options  that  may  be  considered  to  reduce  the 
possibility  of  dam  failure  or  to  diminish  the  harmful  consequences  of 
such  a  failure.  Some  of  these  options  are: 

1.  Increase  both  the  spillway  capacity  of  the  dam  and  the  culvert 
capacity  of  the  railroad  embankment  to  pass  the  PMF  without  over¬ 
topping  or  submerging  the  dam.  It  is  acknowledged  that  the  owner  of 
the  dam  has  no  control  over  or  responsibility  for  modifications  made 
to  the  railroad  embankment. 

2.  Increase  the  height  of  the  dam  and  reduce  the  capacity  of  the 
spillway  in  order  to  pass  the  PMF  without  overtopping  or  submerging 
the  dam;  an  investigation  should  also  Include  studying  the  effects 
that  increasing  the  height  of  the  dam  would  have  on  the  structural 
stability  of  the  present  embankment.  The  depth  of  submergence 
during  the  occurrence  of  the  PMF,  stated  in  Section  5. Id,  is  not  the 
required  or  recommended  increase  in  the  height  of  dam. 

3*  A  combination  of  increasing  the  height  of  the  dam  and  increasing 
both  the  spillway  capacity  of  the  dam  and  the  culvert  capacity  of 
the  railroad  embankment  in  order  to  pass  the  PMF,  without  over¬ 
topping  or  submerging  the  dam. 
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1.  The  broad-crested  weir  control  section  of  the  spillway 
should  be  repaired  or  replaced  with  a  more  stable  struc¬ 
ture.  Vehicular  traffic  over  the  existing  structure 
should  be  prohibited. 

2.  The  failed  concrete  retaining  wall  and  concrete  weir 
remnant  along  the  right  spillway  channel  bank  should  be 
removed  and  the  bank  stabilized  and  protected  from  ero¬ 
sion* 

3.  The  banks  in  the  lower  reach  of  the  spillway  discharge 
channel  should  be  stabilized  and  protected  from  erosion. 
Trees,  brush  and  debris  should  be  removed  from  the  spill¬ 
way  channel  and  bank  areas. 

4.  The  area  around  the  sluice  gate  headwall  should  be  re¬ 
paired  and  protected  from  wave  action. 

5.  The  damaged  gate  stem  pedestals  should  either  be  repaired 
and  stabilized  or  removed  and  new  support  measures  in¬ 
stalled. 

6.  The  low-level  outlet  stilling  basin  should  be  enlarged  and 
adequately  protected  to  prevent  future  erosion  damage. 
The  eroded  area  of  the  embankment  toe  adjacent  to  the 
stilling  basin  should  be  repaired  and  protected  from 
future  damage.  Consideration  should  be  given  to  adding  a 
supported  extension  to  the  existing  outlet  pipe  so  that 
discharge  enters  the  stilling  basin  downstream  of  the 
embankment  toe. 
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7.  The  stilling  basin  outlet  channel  should  be  cleared  of 
trees,  brush  and  debris  and  stabilized. 

8*  The  wave  erosion  on  the  upstream  slope  and  the  erosion 
gully  along  the  right  abutment/embankment  contact  should 
be  properly  repaired  and  the  areas  protected  from  further 
damage. 

9.  The  trees  and  brush  on  the  embankment  slope,  especially  on 

the  downstream  slope,  should  be  removed  from  the  embank¬ 
ment  and  regrowth  prevented.  The  grass  cover  on  the 
embankment,  especially  on  the  downstream  slope,  should  be 
periodically  maintained.  The  grass  cover  should  be 

retained  on  the  embankment  slopes  to  protect  them  from 
erosion  and  to  prevent  excessive  erosion  in  the  event  the 
dam  is  overtopped.  Removal  of  large  trees  should  be  under 
the  guidance  of  an  engineer  experienced  in  the  design  and 
construction  of  earth  dams.  Indiscriminate  clearing  could 
jeopardize  the  safety  of  the  dam. 

10.  Remove  the  driftwood  and  debris  from  the  upstream  slope. 

11.  Seepage  and  stability  analyses  should  be  performed  by  a 
professional  engineer  experienced  in  the  design  and 
construction  of  earth  dams. 

12.  The  owner  should  initiate  the  following  programs: 

(a)  Periodic  inspection  of  the  dam  by  a  professional 
engineer  experienced  in  the  design  and  construction 
of  earth  dams. 

(b)  Set  up  a  maintenance  schedule  and  log  all  repairs, 
and  maintenance. 
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©  LOCATION  OF  DAM 

NOTE:  LEGEND  FOR  THIS  MAP  IS  ON  PLATES  7  THROUGH  9. 
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DEPARTMENT  OF  NATURAL  RESOURCES 
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REGIONAL  GEOLOGICAL  MAP 
OF 


LEMBECK  LAKE  DAM 


LEMBECK  LAKE  DAM 
PLATE  7 
SHEET  I  OF  3 


LEGEND 


PERIOD 


QUATERNARY 


SYMBOL 


Qa  I 


Mm 


Mm 


DESCRIPTION 


MISSI  SSI  PPIAN 


< 


Mo 


Mk 


Mk 


ALLUVIUM:  SAND,  SILT,  GRAVEL 


ST.  LOUIS  FORMATION:  LIMESTONE 
INTERBEDDED  WITH  SHALE 


SALEM  FORMATION:  LIMESTONE 
INTERBEDDED  WITH  SHALE  AND  SILTSTONE 


KEOKUK-  BURLINGTON  FORMATION: 

CHERTY  GRAYISH  BROWN  SANDY  LIMESTONE 


UNDIFFERENTIATED  CHOUTEaU  GROUP: 
LI  MESTONE 


HANNIBAL  FORMATION:  SHALE  AND  SILTSTONE 


LEMBECK  LAKE  DAM 
PLATE  8 
SHEET  2  OF  3 


PERIOD 


ORDOVICIAN 


LEGEND 


SYMBOL 


DESCRIPT  ION 


(O'J  Nu  IX  LIMESTONE 


Omk  MAOUOKETA  S  H  A  L  E  ,  K  I  M  M  S  W  I C  K  LIMESTONE 


OTp  DECORAH  FORMATION.'  GREEN  TO  GRAY 

CALCAREOUS  SHALE  WITH  THIN 
FOSSl  L  I  FERGUS  LIMESTONE 


Ospe 


< 


Ojd 


0  j  c 


Or 


ST.  PETER  SANDSTONE,  EVERTON  FORMATION 

JOACHIM  DOLOMITE 

POWELL  DOLOMITE,  COTTER  DOLOMITE 

ROUBIDOUX  FORMATION:  INTERBEDS  OF 
CHERTY  LIMESTONE  AND  SANDSTONE 

GASCONADE  DOLOMITE 


LEGEND 


PERIOD 


CA  M  BRIA  N 


PRECAMBRIAN 


LEMBECK  LAKE  DAM 
PLATE  9 
SHEET  3  OF  3 


SYMBOL 


DESCRIPTION 


Cep 


I  £eb 


|^€lm 


D 


u 


EMINENCE  DOLOMITE,  POTOSI  DOLOMITE 

FRANCONIA  AND  BONNETERRE  FORMATION: 
INTERBEDDED  LIMESTONE  ,CHERTY  LIMESTONE, 
DOLOMITE  AND  SILTSTONE 

LAMOTTE  SANDSTONE 

ST.  FRANCOIS  MOUNTAINS  INTRUSIVE 

ST.  FRANCOIS  MOUNTAINS  VOLCANIC 

NORMAL  FAULT 

INFERRED  FAULT 

UFTHRO>VN  SIDE,  D  =  DO  WNTH  ROWN  SIDE 


Lembeck  Lake  Dam 


Photo  1  -  View  of  the  upstream  slope  from  the  left  abutment. 

Note  the  pile  of  driftwood  on  the  slope  in  the  background 
(right  hand  side  of  photo). 


Photo  2  -  View  of  the  top  of  dam  from  the  right  abutment  with  the 
low-level  outlet,  gate  stem  encasement  pipe  and  support 
pedestals  on  the  left  and  the  spillway  in  the  background 


Lembeck  Lake  Dam 
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Photo  3  -  View  of  the  downstream  slope  from  the  left  abutment  looking 
across  the  spillway  channel.  Note  the  failed  spillway 
retaining  wall  and  weir  in  the  foregound. 


Photo  4  -  Close-up  view  of  the  upstream  slope  showing  wave  erosion  scarp 
and  driftwood  and  debris  accumulation. 


Lerobeck  Lake  Dam 


Photo  5  -  View  of  the  spillway  control  section  and  access  road 

ascending  to  the  top  of  the  dam.  Note  railroad  embankment 
in  the  background. 


Photo  6  -  View  of  the  spillway  broad-crested  weir  control  section  from 
the  top  of  the  dam. 


Lembeck  Lake  Dam 


Photo  7  -  View  of  the  spillway  channel  looking  upstream  toward  the 

control  section.  Note  the  remnants  of  the  failed  concrete 
weir  In  the  foreground  and  the  erosion  of  the  bedrock 
In  the  channel. 


Photo  8  -  Close-up  view  of  the  failure  In  the  spillway  broad-crested 
weir  at  the  downstream  end. 


Lembeck  Lake  Dam 


Photo  9  -  View  of  the  spillway  channel  looking  upstream.  A  portion  of 
the  failed  concrete  weir  is  in  the  foreground.  In  the  back¬ 
ground,  left  to  right  are  the  failed  retaining  wall,  the 
perched  portion  of  the  failed  concrete  weir  and  the  failing 
backslope  of  the  broad-crested  weir. 


Photo  10  -  View  of  the  spillway  discharge  channel  looking  downstream, 
with  the  railroad  embankment  in  the  background. 
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Photo  11  -  Close-up  view  of  the  thinly  bedded  dolomite  In  the  spillway 
channel. 


Photo  12  -  Close-up  view  of  the  gate  stem  encasement  pipe,  thrust  nut, 
and  support  pedestals  associated  with  the  low-level  outlet. 


Lembeck  Lake  Dam 


Photo  13  -  Close-up  view  of  the  sluice  gate,  gate  stem,  gate  stem 

encasement  pipe,  headwall  and  support  pedestal.  Note  the 
erosion  around  the  headwall  and  the  grease  on  the  gate  stem 
just  below  the  end  of  the  encasement  pipe. 


Lembeck  Lake  Dam 


Photo  16  -  View  of  the  low-level  outlet  pipe  and  the  erosion  of  the 
downstream  toe  of  the  dam. 


Photo  17  -  View  of  the  reservoir  and  rim. 


Photo  18  -  View  of  several  dwellings  In  the  downstream  hazard  zone 
looking  across  Joachim  Creek. 
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APPENDIX  B 


HYDROLOGIC  AND  HYDRAULIC  COMPUTATIONS 


LEMBECK  LAKE  DAM 


HYDROLOGIC  AND  HYDRAULIC  DATA.  ASSUMPTIONS  AND  METHODOLOGY 

SCS  Unit  Hydrograph  procedures  and  the  HEC-1DB  computer  program  are 
used  to  develop  the  inflow  hydrographs.  The  hydrologic  inputs  are 
as  follows: 

(a)  24-hour  Probable  Maximum  Precipitation  from  the  Hydrometeoro¬ 
logical  Report  No.  33,  and  24-hour  100-year  rainfall  and  24- 
hour  10-year  rainfall  of  Ste.  Genevieve,  Missouri. 

(b)  Drainage  area  -3.4  square  miles. 

(c)  Lag  time  -  0.67  hours. 

(d)  Hydrologic  Soil  Group: 

Soil  Group  "C". 

(e)  Runoff  curve  number: 

CN  -  73  for  AMC  II  and  CN  -  87  for  AMC  III. 

Flow  rates  through  the  spillway  are  based  on  critical  depth  assump¬ 
tion.  Flow  rates  over  the  dam  are  based  on  the  broad-crested  weir 
equation  Q  -  CLH^^  and  critical  depth  assumption.  The  downstream 
embankment  was  Included  in  the  hydraulic  analysis  to  determine  its 
affects  on  the  discharge  characteristics  of  the  dam.  Due  to  the 
tallwater  caused  by  the  downstream  embankment,  the  calculated  rating 
curve  for  the  dam  could  not  be  used  in  all  of  the  routings.  The 
following  procedures  were  used  for  the  listed  routings: 

1)  percent  PMF  and  -  calculated  rating  curve  valid  for 
ten-percent  chance  entire  routing, 
flood 


2)  PMF  and  one-half  PMF  -  Lembeck  Lake  Dam  is  completely  submerged 

and  the  discharges  at  the  railroad 
embankment  control;  therefore,  these 
floods  were  not  routed  through  Lembeck 
Lake*  Instead,  the  capacity  curves  of 
the  embankment  impoundment  and  the  reser¬ 
voir  were  combined  above  the  spillway  in¬ 
vert  elevation  of  the  dam  and  the  floods 
routed  through  this  revised  embankment 
impoundment.  The  depth  of  overtopping  at 
the  dam  was  then  calculated  based  on  the 
maximum  water  surface  elevation  deter¬ 
mined  at  the  embankment* 

the  dam  is  not  completely  submerged, 
but  the  tailwater  does  not  affect  the 
the  calculated  rating  curve  until  after 
the  dam  has  been  overtopped  and  the 
peak  inflow  has  been  passed. 


3)  one-percent  chance 
flood 


3.  The  spillway  and  the  dam  overtop  rating  curves  are  hand  calculated, 
in  accordance  with  the  procedures  used  in  the  HEC-l  computer 
program,  and  combined  as  shown  on  pages  B-5  and  B-6.  This  combined 
rating  curve  is  input  into  HEC-1DB  on  the  Y4  and  Y5  cards.  The  $L 
and  $V  cards  are,  therefore  not  used.  The  development  of  the  rating 
curve  for  the  downstream  embankment  is  shown  on  pages  B-10  through 
B-16.  The  combined  rating  curve  for  the  downstream  embankment  is 
Input  into  HEC-1DB  following  the  same  procedure  as  described  above. 

4.  Floods  are  routed  using  the  preceeding  procedures  to  determine  the 
capability  of  the  spillway  of  Lembeck  Lake  Dam. 


B-2 


r 


PRC  ENGINEERING  CONSULTANTS  ,  INC. 


DAfA  Nf 


ft  Lc 


SHEET  NO.. 
JOB  NO.  12 

by  yft7 


.OF _ 


n  h 


1)  DRA|m!a<^E.  Are  Aw  y  A  *  3.44$^.  mi  r  (ZlKo  tore.*) 

Z)  LENGTH  OF  S>t££A/A  ,  L  s  (  ft >  ^  *  *  1  oco  '  ~  IfOOO  '  )  =■  5-/7  /n<- 

2)  Ei-EVAT\ct4.  AT  DRAINAGE  DIVIDE  AloNC^  THE  LONGEST.  5TREAA, 


//,• 


4)  ELEVATION..  0F_g£SEftM0 


IR.  AT.  SPILLWAY.  CREST  *  H,s  oW-f 


5)  ELEVATION  OF  CHANNEL  BED  AT  0.85  L  3  Eg5 
(c)  ELEVATION  of,  channel.  ££0  AT  O.I&L  r  E,0 


0  <  o 


%oD,D> 


7)  Average  slope  of  the  channel,  SMCf  -  (&as  -  e,0)/  Q.73  l=  joo-ft^o  =.0.01 

!  ......  .  .  Jft<\::ccc) 

3)  Time  of  .  Concentration  J  ..  .  .  ; 


A)  BY  mPlcH'S  EQuAtionJ  , _ _  .. _ ;  ... 

;  t'ZJZ’ 

tc  =  tdi.*)*  Lt)/CHrHl)l°'38S  =  [rift  *  >]  -  . 

B)  BT.  VELOCITY  ESTimATE  , 

5LaP£  =  <  /  // AV<q.  VELOCITY3  *? 

t t/v  >  jjm£L.  z.ii  'L:, 


tc'  L/y  -  mifPj 

USE  *fcc  -  l./l  _ _  _  ... 

9)  LACf.  TIN\E?  ^  "  0.6  tt=  0.1,7  £***- 

10)  ukiitJ  duration  5.  d  <  ftt  / 5.  *  0.  ..  .  .  :  r  a.  ibb  hr, 

USE  D  =  C  ifte.rva.l  '^eCtSiaj'y  far  inclusion  of  Emba.nt.mcft  m  tuna-Lysi* ) 

11 )  Time  To  .PEAK  J  Tp  =  D/i.  +  ^ 

il)  PEfi\k  D/SCHARCjE,  .  :  ...  . . ! . L.  .  .. 

i  q  p  =(484-  ><  A)  /Tp  =  .JUJUz  3.  tUsJ^L-  s  Z?/<5  -/r 

,  lp  ^^7/  7 


cjp  =(484  -A)/Tp-- 


B-3 


■  PFJC  ENGINEERING  CONSULTANTS  ,  INC. 


I\C  o 

1  ■ 


SHEET  .‘.0. 


tg'wW  C  V.  Lo\Kg. 


_ "£.Lt_<j>A-V.o-  — A>  ^  A  j»--Vcn 


-OS  NO.  _ 

svrrg 


£7*  i/*--f'  0-n 

Ur/.MSL) 


o.  a 
6io.  o 

5^0.0 
544  .  1 


>o6Q,  O 


o  o.O  ■  CO 


SixffixcC  Art*. 


O. 

3  . 

1 

W.  *5 

2S.O 

5^ 


C.  fry  »rY  W  s. 


^^•jhcA^-A  *5  \*x\**)x>  aci  9-\;'-‘(0,-o  ~ 
__JX  *TV>>-ri-VO  «.  0  • 

1  vOTcv.^Jl*CT 

— r—  \  4  I  \ 

^  ~  5  L.  (A.  X  ^  |  c  (i. 

V  J 

t^iasujr-cd  3^1 rar h  V.ntL^J  7SJ  Q^J 


T  vT\  l/.  I^cT^T"  X 

1.5 


<cfeC 


56.0 

*5  o 


ENGINEERING  CONSULTANTS 


1  f  ^  JD 

^  0«  S  ^ 


1  <*»  °  &-*Zj  ~ 
>'\o  o’  ®  : 


ililSiS 


\n  Q  ^  9  n 

m  \o  rV  rJ  Q  00 

S  ^  ri  s.  <r 


^  ^  >  ?r\£  i 

^  j  {j  ci  i(i  -j 


q  (0  —  rJ  “ ~ 

O  J-  d  cO  ~T  -£■ 


•  .'^>-'J7'3p'S'^.«2.‘::,'0o<—  ft  £  (O 

*J  '  -  T  ^  53  ™  ^  ^  £  a-  3  X  0°  ® 


qq  d  ~  —  _:  -  noN  rp 


T 

V* 

_  —  A © 

0© 

fs/ 

3-  lr>  Lr* 

b©  sr 

d  -f 

-  Q  Oo^'TV0^1+XfUU'V 

?  *  2  ?^;q 


<vlo—  bov»Q'^06!^.  -  . 

N  ^  ^  N  S  ri  °  v®  CL  \T  ^ 

v,  ^  r\  n\  ^5-  “  ^  r— 


t>.  ^  w  v*  \j  «•  r 

r*/ 

cc 

rJ 

«<* ■*-  0 

0  0  kj  sj  r^ 

T 

T  «! 

vi 

0  ^-  > 

r-  \P  <*-  'T“^<=0j^"r)r~T»  °  0  0^ 

or  rJ  'M^'r'H'-^^cOcorn 

-  rJ  "3"  tJO  —  _ "  ^  i  ^  in  _, 


oof 

!r^z:!rq!«0QQ{o 

-W\o,CO,*'a''0rJ 
" - CO 


<r-  rr  0  \A  o  ^  J.  3-  n  <0  rJ  ~  ^ 

J'»>  '»oi^>l:  •  d  r  fj  00  -4-  '-^  V"' 

m»<  >  ,?  ;*•  rj-  -jy  -.  Sp.'i'  S  Ip  v\  \n  \fs  u  Vp 

5* 


«-  t  0  \P  o  (srV  J  ?  ^  '  •  °*" 

£  i  ^  g 

'A  \f»  IT  v*  ^  vn  vc  vr*  'X*  vfr  vO  ^  ^  V'  ^ 


{U~4  PRC  ENGINEERING  CONSULTANTS  ,  INC. 

-QAM  JSAFET.YTM^g£CT  1QE4  /  T\'1>*OU  S.\ _ SHEET  NO _ OF 

P**-  MME:  hj" _ _  job  NO  #33 


Jlu ix  ±Lyx?R<2.5RAPB  .pAft&aeigjsa. 


BY. 


NO  JJd 

tH 


.DATE 


m 


l)  DRAi(sjA<^£ ;  ARE^-  r  A  0,  04r  <a<^.  mt  •  c  2?  acres') 

Z)  Length  of  StR£A(v\  ,  L  s  (  0*J  *  %  '  -  if  Go  '  )  -  d'lf-rAi. 

1  // 

_ _ _  _  _ _ _ ^  _  ;  / 

3)  BL-EVATioN.  AT  DRAINAGE  DIVIDE  ALosl^.  THE  LONGEST.  STREAM, 

.!  ’  ^  ;  ti,-  fro  j 

4)  £L£VATIoH.„of  RESERVOIR  at  spillway,  crest  r  Hz  s 

s)  elevation  of  channel  bed  at  o.85  L  5  E85  *  OZo 
(*)  ELEVATIOM  OF  CHANNEL:  S£D  AT  0.10  L.  ,  E/c  *  5"2  3 

7)  Average  slope  of  the  channel  SAv<,  *(ew  -e/0)/o.75l  =  , /%>_-#£.  ')  s  Q. of 

.  (o.’&Tiiio) 

8)  Time  of  ConcentkatioH  :  | 


A)  BY.  K|R  PICK'S  .EQuAtionJ  ,  _ fc__L 

£c  tCOl,^  *  L* )  t(iH,-h/2)]‘>‘3S$  =  jfhl*  )/[£&  -  m.fJJ 

B)  BY .  velocity  ESTIMATE  , 

;  5  I 

5Lop£  S;  9 /0  ■=*£?>  fi, v/<^  VELOCITY  *  5  f%'/s*c.  ■ 

t,*  l/v  -  jfoo  _  D.oQ^u. 

(JTffZp^7^ rj 

USE  -fcc*  C.C9A.  -  . . 


5  C,  'y 


cf  A . 


of 

3)  LACjlTIfAE,  ■i(  -O.(0t<_=  0,0  5 ’/JA.  ■ 

lo)  unit!  duration  D  i  4  /5  a  A  ^3 

.  .  use'  Di  ^  . - 

I  ....  ,  .  1  1 

//)  r/ME  to  PEAK  ,.Tp>  6/z.  +  ^  'Q.4tj+  A-OfT-  O.ot 

12)  PB Ak  DISCHARGE,  .  .  _ 1.  !  _ : _ 

q  p-  -(48+  -  4. )  /  Tp  »  mUL-mi^X  -  ?/F  4/p 

1  ^ ■  0,0  f 

B  -  7 


+£  0.083  hr. 


•-rfl 


£l&va.har\ 

C++,  mil) 

S u.ri'aU-4-  Art*. 

J 

0  . 

T'A'JOvt  0^-  oAie^T 

5  oo .  o 

0.6 

iwVv\, 

O  bo.  o 

\.* 

~1m.  ^a'^AisVcJl 

1 

I  5  4  o  .  o 

3.0 

V\l —  'jvy^  iaAsm^  M  44 

~><LAa  v>.  Cn,  0- 

6  5"C>  ■  o 

1 

o  .  CP 

*3*  r\\  La 

i 

'  0^0 . 6 

?.  O 

^Top  cs/  f  mhxrtk.me.nt 

5  To  ■  o 

U  •  o 

i-wV  iv 

5  ?  ©  •  'o 

. 

\*.o 

V\iaSu«xi  /AQ 

/•“S’  SO*>-v 

J  —  I  r  .  . 


Vissour,  S*  fcfy  Pr\s.pcc.+jon _  _ 

Com^i/idd  Pooli  .  07^  £au  /  rat xjp  £m  ban  L-mcnf  And  i-em  iicA. 
P’ejcrs/o/r  EliVa.fiO'i  ~  £u.rP*-iC  Area-  LpsTa. 


Elcvd  ion 
(ft.  ML) 

Surface.  Area, 
facrei  ) 

Pcma.r  kj 

5/3.9  ' 

<o 

Onve.r~C  af  R,R.  Em  ba  /)  Erne  r\p  C.u.l\Se.r^C 

51  o' 

0  5 

hi  her  po(aJ~e  d 

£30  ' 

1,5 

Tn  -r<rp  a  la.  fed 

5 AO  ' 

3,0 

P\tASu.rc.2  krom  \J indcind  7,  5  (^O-a-A  , 

544.5* 

IP  5 

I/i  herpo  /a.fe.ci 

550  1 

3o.  O 

H.  r>  -herpes  I  a.  fed 

S(eO.  S  1 

44.  5 

“TotO  oh  P.P.  E  rntoa  n  k.rm  e  r\T 

570  1 

67-0 

'Cn-he.r  po  <d 

<5  8o 1 

96.0 

Al&a&ucco  from  \Z/n&hnd  7.5  dpu-*d 

_ 

!  I  ~  a-re-o.  be.+ujee.n  R,R.  Em  ban  k  me^i  anJ  l—gmbeck  La.Ee.  Qa.m 

Z~  Combined  o~rtoJ  of  R.R.  PmOAn  tmen  f  a*  d  —  e.m  bejek  La.t< 


T.T M  for  ■S.7s'<-H  i  ll‘ 


A  --  A  '  + 

A*'*  (h-^.?5) 


K  -  a, 

S(h=S,70  »(*N 


fi©.o-  A 


s<v; 


N/*\W  .  r-,,l.  |(\  0_o,  T-l 


VI  . 

msmm 

5  V  °  o 

/2.  o 

- 5 - 

/488 

“5  35'.  o 

n.o 

2009 

!T4o  . 

11,0 

l28(o 

^4  ■». 

2  7.0 

2532. 

54o 

51. 0 

1151 

✓  ✓  -X 
*5*5  -a 

37.0 

Z5(c°r 

^<3  O 

410 

3153 

%  i 

4^3.0 

3I3S 

4  (?  2. 

44.  O 

3232. 

4S.O 

324? 

<%4 

44  -<3 

33QS 

.  54  3 

4-7,0 

33V/  - 

T.W 


1 

l 


B-  14 


CONSULTANTS 


OaveeTo? 

^  total 

siM 

O 

O 

5i  ^  -O 

36 

36 

S'  /6.  0 

94 

94 

S/7.  O 

/o  . 

/69 

5/5,  O 

154, 

256 

5/^,0 

356  . 

356 

520.  O 

466 

46  4? 

52S.O 

/o43 

/o49 

530,0 

/4l  2.  . 

/4/Z- 

535,0 

1 7o0 

/7<*2 

S4o,o 

/946 

l$44 

S45.0 

Z/6  S' 

2/65 

550.0  . 

..  2363 

2  363' 

SSS.o 

2546 

/L546 

S(aO,0 

2.7/6 

4? 

hi  14 

54/,  0 

X74-9 

85/ 

34oo 

5<4  2,0 

2782 

4448 

7ZSQ 

5470 

28/  4’ 

47o6 

/25Z2. 

544,0 

2S4S 

141  bS 

non 

54,5.0 

2.87  7 

23538 

2.447 S 

FLOOD  HYOROGRAPH  PACKAGE  (HEC-l) 


if)  tf)  O  Ui 
ro  M3  o  r- 
in  n  4- 

C-*  ^ 

CVJ 


O  -T  (V  w?  ^  o 

Kl  \X>  *-4  CT1  cc 

in  n  o  in 

«-f  cr 


X)  (O  O'  oj  s  o 
i  ru  \&  *r  cj  x  t~- 
in  in  o  in  in 
cm 


cr  o  c\j  \D  o  m  n 

•  <\i  o  \X)  in  •  • 

to  n  m  m  ^  o 

•-a  t—  <r  md 

to  tn 

i 


J\  h  vfi  O  C3  O 

«  Ni)  a  <  C  r«)  ,/j 

if>  in  m  vC  ir 

fO 


X 

c 

-j  <r  o 

■3“  K"> 


►— 

CL 

X  • 

Ui 

U. 

►— 

O  to 
Ui 

41 

X 

2 

X 

00 

<c 

u 

X 

a 

o 

LJ 

X 

ac  o 

< 

UJ 

Ui 

Q 

X 

X 

ac 

«—* 

<x 

— J 

© 

o 

X 

cc 

X 

X 

m 

2 

o 

CJ 

o 

O 

vi  u  2  n 
wc< 

>-»  s: 

£  u  u. 

-J  3E 
Q- 


*-i  ^  a 

^  Cj 
<0  •  *-1 
-J  fO 

->j 

cj 

-J 

< 

O  C\JN 


r-  X 
0- 
<1 
ac 
o 
a 

(X 

a 

r-  >• 

S D  XX 

•  o 

Ui 


«  o  vii  \o  n  0s 

«-«  M3  tfO  — «  •  • 

in  m  cm  r-*  uo 

eg  ^  <r 
in 


MO  T  ^  t^)  O 

»  r-i  Ti  s3  <r  <r 

in  n  h  i/)  a") 

c\t 


o  c  O  ui  a 
h  ui  O'  •  m 
n  ID  rO  — <  lT) 
CM 


n  u*>  vO  in  n  o 

^  «r  m  vD  •  cm 

m  in  —  in 

CM 


o  in  h 
© 
to 


C'OOOO0'J'iDO\ 
•  <r  -3“  *  •  •  j\ 

•n  m  jv  ki  to  o 


•-4  cm  *">  — *  *-h  cm  T-i  n  >r  -r  '4o  un  <  u 


B-  18 


PERCENT  OF  PHF  ROUTING 
EQUAL  TO  SPILLWAY  CAPACITY 


B-  20 


o 


*3* 


-  ^ 


i  1  5  <♦  <1 


SUMMARY  OF  DAM  SAFETY  ANALYSIS 


o  co  to 
•  o  o 
a  c\j  in 
in  04 


cz.  o  •  • 
o  O'  r-  o 
•  «— * 

>-  <r  ** 

<r  <r 
3  in 


Ui 

3 

<c  o  •  • 

>  cj\  r-  o 

•  «-M 

3  <t“  *-1 
<  <r 

H-»  LO 


h-  O  O 
<  <  3 

>  a  il 
13  O  H* 
j  ►-  a 
UJ  1/1  c 


o  a:  w 
3  x 
Ui  J  3 
X  O 

H-.  <  x 


O  U.  V) 

►-  a: 

Ui  3  3 

2:  o  o 

*-•  X 
H“  X 

«r 


2  Q. 

o  o 

H  h  V) 

h-  as 
<  as  3 
as  ui  o 

3  >  x 
a  o 


£  3 
3  O 
X  3  00 
U  U. 
X  V—  O 
<  3 

2:  O 


X  UJ 
3  0  1- 
X  <t  u_ 
^  OS  I 
x  o  a 
<C  t—  -5. 

2:  00 


2:  z: 

3  X  < 
X  >-  a 
—»  0- 
x  ui  os 

<  C  u 

x  > 

o 


a:  > 
x  *-•  uj 
3  0  3 
X  >  UJ 
A-*  Q£  • 

X  UJ  00 
<  00  • 
X  UJ  3 
X 


000 

000 


coo 

in  in  in 


O  O  CM 

c  o  <r 


O'  o  r- 
CM  fO  CM 
cm  -r  o 

CM  CM 


cm  r-  h 
o  o  «-» 

04  04  04 


o  o  CM 

O  CD  *-< 


4-  K)  CM 
f"-  QN  *"H 
•  •  • 

■JN  0s  O 
■j-  -t  in 
m  in  jo 


►-ax 
<i  a. 
x 


B-  23 


r 


lU 

UJ 

O 

cc 

00 

0 

0 

0 

3 

oc 

0 

0 

0 

UJ 

_1 

3 

• 

• 

• 

2: 

0 

0 

0 

0 

*-* 

< 

X 

>— 

Li- 

3 

0 

u. 

— 1 

0 

LU 

00 

rO 

CJ 

CM 

h- 

CC 

CC 

O' 

uJ 

3 

3 

• 

• 

• 

X 

X 

O 

O 

vQ 

s£> 

c 

O 

• 

• 

»— . 

22 

iH 

*H 

Q 

ID 

O 

cC 

H— 

X 

• 

*3“ 

•D 

c 

U- 

O 

H 

X 

O 

vD 

rO 

iT> 

: 

a. 

c 

2 

CL 

►— 

O 

O 

►— « 

>— 

00 

O 

a 

O 

►— 

a: 

0 

0 

O 

00 

c 

oc 

3 

• 

• 

• 

*— « 

CC 

UJ 

O 

O 

0 

O 

00 

3 

> 

X 

>- 

►— 

O 

0 

-J 

00 

< 

UJ 

2 

QL 

O 

• 

• 

<t 

O 

C' 

O 

0 

• 

X 

3 

• 

• 

• 

>- 

>- 

rO 

3 

O 

HO 

in 

HO 

>— 

< 

X 

3 

00 

CM 

ho 

<r 

UJ 

3 

ao 

►— 1 

•ju 

Lu 

0^ 

0 

*— « 

u_ 

_J 

X 

h- 

U 

CM 

CM 

<1 

-J 

< 

3 

LO 

*-i 

O 

CL 

21 

00 

Q 

X 

UJ 

• 

• 

• 

u. 

3 

O 

►— 

JO 

oc. 

O 

X 

<t 

u. 

HO 

HO 

3" 

UJ 

*-H 

CC 

1 

>- 

3 

X 

c 

UJ 

er 

-J 

<1 

►— 

< 

<t 

«4 

0 

• 

• 

X 

00 

2: 

> 

IT' 

O 

a 

X 

• 

3 

m 

00 

< 

D 

X 

X 

»— 

3 

X 

<c 

O 

O 

O 

X 

►— 

Q 

0 

0 

O 

2 

HH 

CL 

• 

• 

• 

X 

UJ 

CC 

a 

O 

O 

< 

£2 

LJ 

X 

> 

O 

2 

O 

»— < 

L*J 

3 

oc 

> 

H- 

<J2 

0 

X 

M 

UJ 

-3- 

3- 

O' 

•< 

<x 

3 

3 

O 

-J 

in 

0 

•3* 

> 

a: 

u_ 

X 

>* 

UJ 

• 

• 

• 

L- 

0 

H- 

*— » 

ac 

• 

O' 

CM 

3- 

3 

►— 

3 

Uj 

00 

H-> 

3“ 

3- 

U- 

0 

< 

00 

• 

uo 

JO 

iD 

X 

UJ 

3 

oc 

DATE 

FILMED 


